Purpose: The use of immediate breast reconstruction (IBR) has been debated because it may be a causative factor in adjuvant treatment delay and may subsequently increase the probability of recurrence. We investigated whether IBR was related to adjuvant treatment delay and survival outcomes. Methods: We retrospectively analyzed the duration from operation to adjuvant treatment administration and survival outcomes according to IBR status among patients with breast cancer who underwent mastectomy followed by adjuvant chemotherapy from January 2005 to December 2014. Propensity score matching was performed to balance the clinicopathologic baseline characteristics between patients who did and did not undergo IBR. Results: Of 646 patients, 107 (16.6%) underwent IBR, and the median follow-up was 72 months. The median duration from surgery to adjuvant chemotherapy was significantly longer in patients who underwent IBR than in those who did not (14 vs. 12 days, respectively, p = 0.008). Based on propensity score matching, patients who underwent IBR received adjuvant therapy 3 days later than those who did not (14 vs. 11 days, respectively, p = 0.044). The duration from surgery to post-mastectomy radiation therapy (PMRT) did not significantly differ between the 2 groups. Local recurrence-free survival, regional recurrencefree survival, systemic recurrence-free survival, and overall survival were also not significantly different between the 2 groups (p = 0.427, p = 0.445, p = 0.269, and p = 0.250, respectively). In the case-matched cohort, survival outcomes did not change. Conclusion: IBR was associated with a modest increase in the duration from surgery to chemotherapy that was statistically but not clinically significant. Moreover, IBR had no influence on PMRT delay or survival outcomes, suggesting that it is an acceptable option for patients with non-metastatic breast cancer undergoing mastectomy.
INTRODUCTION
Despite advances in diagnosis and treatment, about 45% of all patients with breast cancer still undergo mastectomy to achieve adequate local control [1, 2] . Owing to poor cosmetic outcomes, patients who undergo mastectomy are less satisfied after surgery than those who undergo breast-conserving surgery [3] [4] [5] . Consequently, the use of breast reconstruction after mastectomy has increased in patients with breast cancer [6] , and, in Korea, the performance of mastectomy followed by breast reconstruction increased threefold between 2002 and 2013 [7] . When first introduced, breast reconstruction was generally performed after the completion of additional adjuvant treatment, including chemotherapy and radiotherapy, but the rate of immediate breast reconstruction (IBR) has recently increased because of its various advantages, such as relieving emotional stress, avoiding additional operations, reducing costs, and providing favorable cosmetic outcomes [8, 9] .
However, there is concern that the performance of IBR delays administration of adjuvant treatment, which may negatively impact survival outcomes. Previous research has shown that the incidence of postoperative complications was higher in patients who underwent IBR than in those who underwent mastectomy alone, a factor that may increase the time to adjuvant treatment or even result in its omission [10, 11] . Moreover, several studies have reported that the delay of adjuvant treatment is associated with poor survival rates in patients with breast cancer [12, 13] . In contrast, other studies have suggested that a modest delay in adjuvant treatment is unlikely to have any clinical significance, even though IBR is associated with a statistically significant delay in the initiation of chemotherapy [14] . To date, the studies that have examined IBR and its impact on the initiation of adjuvant treatment and survival outcomes in patients with breast cancer have yielded conflicting results.
The purpose of the present study was to determine the impact of IBR on adjuvant treatment administration and subsequent survival outcomes. We compared the duration from surgery to adjuvant treatment, including chemotherapy and post-mastectomy radiation therapy (PMRT), and survival rates according to whether or not IBR was performed.
METHODS

Patients
From January 1, 2005 , to December 31, 2014 patients with invasive breast cancer underwent mastectomy, including conventional total mastectomy, skin sparing mastectomy, and nipple-areola complex sparing mastectomy, followed by chemotherapy at the Gangnam Severance Hospital. We excluded patients based on the following criteria: i) de novo stage IV cancer, ii) recurrent breast cancer, iii) history of neoadjuvant chemotherapy, or iv) history of delayed breast reconstruction. Finally, retrospective analysis was performed on a total of 646 women. IBR was defined as breast reconstruction performed by plastic surgeons concurrently with mastectomy. The method of breast reconstruction in each case, such as permanent implant, tissue expander, or autologous reconstruction, was determined by plastic surgeons considering the anticipated adjuvant treatment, physical presentation, and preference of patients. Clinicopathologic data, including age at surgery, histologic grade, lymphovascular invasion, estrogen receptor (ER) status, progesterone receptor (PR) status, human epidermal growth factor 2 (HER2) status, Ki-67 levels, pathologic T stage, and pathologic N stage, were recorded. TNM stage was determined using the 7th edition of the American Joint Committee on Cancer staging manual. Treatment information, including IBR status, chemotherapy regimen, and PMRT, was examined.
In accordance with Good Clinical Practice guidelines and the Declaration of Helsinki, our study was approved by the Institutional Review Board of Gangnam Severance Hospital, Yonsei University, Seoul, Republic of Korea (IRB No. 3-2018-0215) . The requirement for informed consent was waived owing to the retrospective study design.
Study outcomes
The primary outcomes were the impact of IBR on adjuvant treatment delay and survival rates, including local recurrence-free survival (LRFS), regional recurrence-free survival (RRFS), systemic recurrence-free survival (SRFS), and overall survival (OS). The impact of IBR on delay of adjuvant treatment was determined by comparing the duration from surgery to the initiation of adjuvant treatment according to whether or not IBR was performed. LRFS, RRFS, and SRFS were calculated from the date of mastectomy to the date of first local, regional, and systemic recurrence, respectively. OS was calculated as the duration from the date of mastectomy to death or the last date of study follow-up (May 31, 2018) .
Statistical analysis
Continuous variables were compared using Student's t-test. Discrete variables were compared using the χ 2 test or Fisher's exact test. Durations from surgery to adjuvant chemotherapy and PMRT administration were estimated using Kaplan-Meier estimates with the log-rank test. The Kaplan-Meier method was used to estimate LRFS, RRFS, SRFS, and OS, and the estimated survival curves were compared using the log-rank test.
We performed an individual propensity score matching analysis in which randomly selected patients who underwent IBR were paired with comparable patients who did not undergo IBR. The selection of one case per 2 controls was based on age; histologic grade; ER, PR, and HER2 status; pathologic stage; chemotherapy regimen; and PMRT. All analyses were performed using SPSS version 23 (IBM Corp., Armonk, USA) and SAS (version 9.3, SAS Inc., Cary, USA). Statistical significance was defined by a p-value < 0.05.
RESULTS
Baseline characteristics
A total of 646 patients with stage I-III breast cancer who underwent mastectomy followed by adjuvant chemotherapy at the Gangnam Severance Hospital from January 2005 to December 2014 were included in the present study. Baseline characteristics are listed in Table 1 . The median patient age was 50 (range, 28-82) years. There were 291 (45.0%) ER-negative and 224 (35.3%) HER2-positive patients. Stage II disease was the most common (407 patients, 63.0%), and 152 (23.5%) patients received PMRT after adjuvant chemotherapy.
A total of 107 (16.6%) patients underwent IBR (IBR group). Of these, 68 (63.6%) patients underwent conventional total mastectomy, 21 (19.6%) patients underwent skin sparing mastectomy, and 18 (16.8%) patients underwent nipple-areola complex sparing mastectomy. In addition, a permanent implant was used in 27 (25.2%) patients, a tissue expander in 26 (24.3%), a transverse rectus abdominis myocutaneous flap in 43 (40.2%), and a latissimus dorsi muscle flap in 11 (10.3%) . In contrast, conventional total mastectomy was performed in all patients who did not undergo IBR. Patients in the IBR group were significantly more likely to have low histologic grade and ER-and PR-positive tumors than those who did not undergo IBR (no IBR group) ( Table 1 ). In addition, patient age and pathologic tumor stage tended to be lower in the IBR group than in the no IBR group, but these differences were not statistically significant. In node-positive patients, IBR was more likely to be performed if tumors were ER-or PR-positive and low pathologic stage (Supplementary Table 1 propensity score matching, a total of 267 patients were included. Of these, 89 (33.3%) patients underwent IBR. Clinicopathologic baseline characteristics were well balanced between patients according to IBR status ( Table 1) .
Delay of adjuvant treatment
Overall, the duration from surgery to adjuvant chemotherapy ranged from 4 to 44 days, and the duration from surgery to adjuvant radiotherapy ranged from 107 to 255 days. Adjuvant chemotherapy was performed within 3 months in all patients, and within 30 days in a large majority of patients (622 of 646 patients, 96.3%). Among patients with a duration from surgery to adjuvant chemotherapy exceeding 30 days, 5 (4.7%) were in the IBR group and 19 (3.5%) were in the no IBR group (p = 0.782). Differences in the duration from surgery to adjuvant chemotherapy and PMRT were compared according to IBR status. The median duration from surgery to adjuvant chemotherapy in the IBR group was significantly longer than the median duration in the no IBR group (14 days, range 7-42 days vs. 12 days, range 4-44 days, respectively, p = 0.008; Figure 1A ). The median duration from surgery to adjuvant chemotherapy was also significantly longer in the IBR group in the case-matched cohort (14 days, range 7-42 days vs. 11 days, range 5-41 days, respectively, p = 0.044; Figure 1B ). In node-positive patients, adjuvant chemotherapy was initiated 3 days later in the IBR group than in the no IBR group, but this difference was not statistically significant (15 days, range 8-25 days vs. 12 days, range 4-44 days, respectively, p = 0.060; Supplementary Figure 1A) . However, analysis of the entire patient sample revealed that the median duration from surgery to PMRT was not significantly different between the 2 groups based on IBR status (IBR group: 206 days, range 148-255 days vs. no IBR group: 188 days, range 107-252 days, p = 0.360; Figure 1C) . Similar results were observed in the case-matched https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e7 
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Survival outcomes
During the median follow-up period of 72 (1-157) months, 76 (11.8%) recurrence events occurred, including 8 (1.2%) local recurrences, 13 (2.0%) regional recurrences, and 55 (8.5%) systemic recurrences ( Table 2 ). In addition, 19 (2.9%) deaths occurred. LRFS, RRFS, SRFS, and OS did not significantly differ according to IBR status when the entire patient group was analyzed (p = 0.427, p = 0.445, p = 0.269, and p = 0.250, respectively, by log-rank test; Figure 2) . Similarly, the survival outcomes were not significantly different in either the case-matched cohort (Figure 2) or node-positive patients (Supplementary Figure 2) .
DISCUSSION
In the present study, we evaluated whether performance of IBR delayed administration of adjuvant treatment and negatively affected subsequent survival outcomes. The median time from surgery to adjuvant chemotherapy in the IBR group was significantly longer than that in the no IBR group. However, adjuvant chemotherapy was delayed for only 2-3 days in the IBR group compared to the delay in the no IBR group. On the other hand, whether or not IBR was performed was not related to delay in PMRT administration. Finally, survival outcomes, including LRFS, RRFS, SRFS, and OS, did not significantly differ according to IBR status, a finding similar to the results of previous studies [15] [16] [17] .
When IBR was first introduced, the procedure was less likely to be performed in patients with high disease stage or poor prognostic factors because of lack of data regarding its oncologic safety [18, 19] . Therefore, IBR was initially recommended for patients with stage 0-II disease with relatively low likelihood of metastasis and postoperative complications. Correspondingly, in the present study, patients in the IBR group had a higher number of good prognostic factors than those in the no IBR group. For this reason, we used propensity score matching to adjust for confounding factors according to IBR status. Additionally, subanalysis was performed in node-positive patients to investigate whether IBR influenced adjuvant treatment delay or survival outcomes in patients with locally advanced breast cancer. In both the case-matched cohort and node-positive patients, no clinically significant delay of adjuvant treatment or difference in survival outcomes was observed according to IBR status. To our knowledge, there have been no previous studies using propensity score matching to balance the baseline characteristics according to IBR status, and analyzing adjuvant treatment delay and the details of survival outcomes in terms of local, regional, and systemic recurrence, and OS. This unique approach is the major strength of our study.
Numerous studies have attempted to identify a cut-off point for the duration from surgery to adjuvant chemotherapy that decreases survival in patients with breast cancer undergoing IBR. However, no such cut-off point has been identified, provided that chemotherapy is initiated within 3 months after mastectomy with IBR [20, 21] . Moreover, several studies have recommended that adjuvant chemotherapy be initiated within 12 weeks after primary surgery, at the latest, to guarantee oncologic safety [22, 23] . In the present study, the median time from surgery to chemotherapy was 14-15 days for patients who underwent IBR, a period only 2-3 days longer than the median time for patients who underwent mastectomy only. The longest duration from surgery to adjuvant chemotherapy in any patient undergoing IBR in the present study was 42 days, a duration still within 12 weeks. Therefore, it appeared that the delay of adjuvant chemotherapy in the IBR group as compared to that in the no IBR group was unlikely to have any clinical significance.
PMRT has traditionally been administered to patients with breast cancer with tumors > 5 cm or those with 4 or more involved axillary lymph nodes [24] . In the past decade, however, the indications for PMRT have expanded because several trials have revealed that PMRT decreased locoregional recurrence in patients with 1-3 positive lymph nodes [25, 26] . The National Comprehensive Cancer Network expanded its treatment guidelines to "strongly consider" PMRT for patents with tumors ≤ 5 cm and 1-3 positive lymph nodes [27] . In the present study, 21 (19.6%) of 107 patients who underwent IBR received PMRT. Of these 21 patients, 9 (42.9%) had tumors > 5 cm or 4 or more involved axillary lymph nodes, and 12 (57.1%) had tumors ≤ 5 cm and 1-3 positive axillary lymph nodes. As the indications for PMRT have expanded, there has been growing concern that delay in administration of radiation therapy is associated with inferior survival outcomes. Nevertheless, most studies investigating the role of PMRT in patients undergoing IBR have focused on cosmesis, not survival outcomes. A few studies have demonstrated that IBR did not delay PMRT administration [28, 29] . Similarly, the median duration from surgery to initiation of PMRT was not significantly different in the present study according to whether or not a patient underwent IBR. However, further research regarding the effect of IBR on PMRT delay and the subsequent survival rate is needed with a larger cohort.
The current study has some limitations. The rate of postoperative complications could not be evaluated in this study owing to the retrospective design, although the postoperative complications in patients who underwent IBR were major reasons to postpone adjuvant treatment [10] . In addition, we were unable to analyze the duration from diagnosis to surgery. Difficulties in planning a multidisciplinary surgery such as IBR are among the factors that delay initiation of surgery and adjuvant treatment [30] . Jabo et al. [29] reported a significantly lower survival when the period from diagnosis to surgery exceeded 120 days. It was difficult to record the exact date of diagnosis in our study, because many patients were initially diagnosed at other hospitals. Finally, the effect of IBR on the delay of adjuvant treatment and survival rates according to type of mastectomy, such as nipple-areola complex sparing mastectomy and skin sparing mastectomy, and the method of IBR were not investigated. Further studies examining these limitations are warranted to determine the exact impact of IBR on adjuvant treatments and subsequent survival outcomes.
In conclusion, IBR was associated with a modest increase in the duration from surgery to chemotherapy that was statistically but not clinically significant. Moreover, IBR did not delay adjuvant radiotherapy or negatively impact survival outcomes. These results did not change after propensity score matching to balance the clinicopathologic factors according to whether or not IBR was performed. Therefore, the present study suggested that IBR is a valid option for patients with non-metastatic breast cancer undergoing mastectomy.
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